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ABSTRACT 
--.- 
4 
A sewer system was'designed fo r  Camp Challenge of the 
Florida Easter Seal Society, i n  Mount Plymouth, Florida, of 
polyvinyl chloride piping. Invert elevations were tabulieed 
and necessary f i t t i n g s  determined f o r  the system. Cost est-  
imates were a lso  included. The sewers were designed on a per 
fixture basis so a s  not t o  overdesign using per capita flow 
rates.  A l i t e ra tu re  and records search w a s  conducted t o  
obtain design and actual wastewater flow quantities i n  gallons 
per capita per day (gpcd) . Actual flows determined from 4 
camps and 11 t ravel  t r a i l e r  parks gave average values of 39 
and 33 gpcd, respectively, and can be used a s  design para- 
meters f o r  wastewater treatment f ac i l i t i e s .  However, further 
investigations and intensive flow monitoring are deemed nec- 
essary t o  provide a wider, more accurate data base with l e s s  
variabil i ty.  
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4- 
INTRODUCTION AND,OBJECTIVES 
Camp Challenge is an Easter Seal Society sponsored camp 
f o r  boys and g i r l s ,  located i n  Lake County near Mount Plymouth, 
, 
Florida. A general location map is presented as figure 1. The 
camp is currently seasonal, l imited t o  the summer months and 
L 
occasional weekends. Although other groups may reserve the 
f a c i l i t i e s  a t  various times of the year, the majority of the 
campers are  handicapped children whose s tay  is sponsored, i n  
par t ,  by the Society. 
Fac i l i t i e s  a t  Camp Challenge include a dining and meet- 
ing h a l l  with kitchen, a swimming pool, infirmary, two dorm- 
i t o r i e s  with sani tary f a c i l i t i e s ,  ten cabins with two separate 
hygiene complexes, a laundry and maintenance building, and the 
State Easter Seal Society office building. The general camp 
sewer system layout is shown i n  f igure 2. Other buildings 
ex is t ,  but are  not servei3 by sanitary f a c i l i t i e s .  The ten 
cabins are  located i n  a "U" around the lower hygiene building, 
with the open end facing north. Camp Challenge is serviced 
by its own 17,000 gallon per day (gpd) "package" extended 
aeration wastewater treatment plant  with drainf ie ld  and 
Figure 1. General locat ion map 

sewer system. Potable water is from wells on the preoperty. 
The need fo r  redesign of the camp's sewer system ms pre- 
cipi tated by several~conditions i n  the system. The present sew- 
---- 
4 
e r  system was l a i d  piecemeal, with new segments added as the 
camp grew. This condition resulted i n  a mixture of pipe m a t -  
e r i a l s  ( cast-iron and polyvinyl chloride (PVC )) with possibly 
defective jointing. It also caused arbi t rary laying of pipes 
resul t ing i n  slopes inadequate fo r  proper wastewater trans- 
mission. The current plumber fo r  Camp Challenge, Purvis Plumb- 
ing Company, s t a tes  that ,  in fac t ,  some slopes are adverse. 
This condition resul t s  i n  stoppages, particularly i n  the off- 
season when low flows occur and solids harden in the pipes 
without the push of other flows t o  help cleanse the l ines.  
When stoppages occurred, a plumber was contacted t o  remedy 
the s i tuat ion,  but, i n  searching f o r  the p las t ic  l ines ,  of- 
ten pierced the pipes with the probe. In  specific instances, 
enough perforations were put into one segment t o  weaken the 
s t ructural  integri ty  t o  the point of pa r t i a l  collapse. Ex- 
cavation is now necessary when a stoppage occurs because pipe 
cleanouts are not brought t o  the surface except a t  l i ne  orig- 
ins  where the pipe i t se l f  is a t  the ground surface. 
The objective of t h i s  e f fo r t  was the complete redesign 
and replacement of the current sewer system f o r  Camp Challenge. 
Using flow c r i t e r i a  based on fixture uni ts ,  pipe s izes  and 
slopes were t o  be determined. Pipe cleanouts were t o  be placed 
where deemed necessary and s tructural  protection rendered in 
heavy t r a f f i c  area t o  prevent collapse. A system layout was t o  
be produced showing a l l  piping, invert  elevations, and loca- 
t ion  of necessary appurtenances. The second portion of the  
- 
-- 
4 
research w a s  a l i t e r a t u r e  search including f l o w  record search 
. of the Florida Department of Environmental Regulation (FIER) 
with follow-up interviews from summer. camps, children ' s homes, 
and t r ave l  t r a i l e r  campgrounds t o  determine per capita flows 
from this type ins t i tu t ion .  Per capita flows, i n  gallons per 
capita per day (gpca), can be subsequently used in the design 
of wastewater treatment f a c i l i t i e s .  
S N 3 R  SYSTEM BSIGN 
Several factors influence the design flow i n  the branch 
l ines  and building connections. Because the camp contains com- 
munity sanitary f a c i l i t i e s  located a t  opposite ends of the camp, 
average population equivalents f o r  each fac i l i ty .  would be diffi- 
cul t  t o  determine. Following c r i t e r i a  of the Water Pollution 
Control ~ederat ion, '  as reinterated by salvato2 and Metcalf 
and ~ d d ~ , ~  the "fixture-unit*' method of design w a s  used. A 
fixture-unit is equal t o  a flow ra te  of 7.5 gallons per minute 
(gpm), or appro-ately one cubic foot per minute (cfm). Each 
type of f ixture (shower, water closet ,  sink, etc. ) has a fix- 
r 
ture-unit value associated with it; according t o  its continu- 
ous ra te  of flow, These fixture-unit values were established 
by the United States of America Standards Inst i tute .  4 
For design purposes, the f ixture-unit ' values f o r  a l l  
f ixtures i n  each building were determined. The values and 
summations used are given i n  table 1 and shown i n  figure 3. 
No fixture-unit values were given f o r  washing machines, so  a 
caLculation was made based on an average capacity of 40 gal- 
lons per load or 20 gallons per f i l l  (one wash, one rinse). 5 
Assuming the tub could be emptied i n  one minute, the flow 
m m  1 
FIXTUl3C UNIT SUMMARY FOR EACH BUILDING 
Building 
State Office Building 
Maintenance and Laundry 
Health and Patient  Training 
Infirmary 
Office and Upper Hygiene 
Fixture 
Lavatory 
Water c loset ,  valve 
Laundry t r ay  
Lavatory 
Jt 
Washing machine 
Water c loset ,  valve 
Bathtub 
Lavatory 
Water c loset ,  valve 
Bathtub 
Kitchen sink 
Lavatory 
Service sink 
Water c loset ,  valve 
Bathtub 
Drinking fountain 
Floor drain 
Number 
2 
2 
1 
I 
3 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
I 
4 
Fixture Units 
per Fixture 
1 
8 
2 
I 
3 
8 
2 
1 
8 
2 
2 
I 
3 
8 
2 
2 
1 
-
1 
Fixture 
Units 
2 
16 
2 
1 , 
9 I 
8 I 
2 
I 
8 
2 
2 
1 
3 
8 
4 
2 
1 
-
4 
Building 
Total 
18 
20 
11 
16 
TABJX 1 CONTINUED 
I :  I '  3 1 38 Water c loset ,  valve 8 1 2" 
Fixture Units 
per Fixture 
2 
1 
2 
3 
4 
8 
2 
2 
1 
-
1 
4 
3 
2 
4 
8 
1 
Number 
2 .  
6 
1 
6 
1 
8 
1 
4 
4 
1 
1 
1 
1. 
5 
5 
Building 
Office and Upper Hygiene 
continued 
Dining Room, Kitchen, and 
Rest Rooms 
"Li t t le  Happiness House", 
G i r l  ' s Dormitory 
Fixture 
Lam* t r ay  
Lavatory, vanity 
Lavatory, w a l l  hung 
Shower 
Urinal s t a l l  
Water c loset ,  valve 
Dishwasher, small 
Floor drain 
Lavatory 
Sink, scullery 
Sink, service, standard 
Sink, photo l a b  
Urinal s t a l l  
Water closet ,  valve 
Lavatory 
Shower 
Fixture 
Units 
4 
6 
2 
18 , 
4 
64 1 
\ 
2 ! 
2 
4 
; 4 
3 
2 
40 
5 
Building 
Total 
1 0 G  
, 
61 
* .  
SOURCE : United States  of America Standards I n s t i t u t e ,  National Plumbing Code, USASI A40.8, 1955 a Cited 
by Metcalf & Eddy, Inc. , Wastewater Engineering.. pa  38. ( ~ e w  York: McGraw-Hill Book 'Company, , 
1972). 
Washing machine approximately 20 allon capacity, 
r a t e  of 20 gallons per minute (gpm f . 
Building 
Total 
42 
. ' 
1 .  60 
1 f ix ture  un i t  = 7.5 
Fixture 
Units 
-5 
9 
4 
24 . 
4 
, 
12 I 
4 
40. 
can 
Fixture Units 
per Fixture 
1 
3 
4 
8 
1 
3 
4 
8 
be drained 
Number 
5 
3 
- 1  
3 
4 
4 
1 
5 
Building 
"General ' s Quarters" 
Boy's Dormitory 
Lower Hygiene 
approximately 
Fixture 
Lavatory 
Shower 
Urinal stall 
Water closet ,  valve 
Lavatory 
Shower 
Urinal stall 
Water c loset ,  valve 
minute, 
1 machine = 20 gPm 7.5 gpm/f ixture un i t  = 3 f ixture  uni t s  

ra te  would be 20 gpm or approximately 3 fixture-units. It w a s  
necessary t o  include the influence of the washing machines be- 
cause of the high u i i l i za t ion  rates. The machines are used f o r  
_ -- - 
a l l  linens, dining and sleeping. The nature of the children a t  
t h i s  camp make bed-wetting a problem requiring frequent changing 
of bed linens. 
Peak flows along each pipe wer6 determined by summation 
of a l l  f ixture units upstream of the pipeline in question. The 
peak discharge through the pipe w a s  then detennined from the 
curve of discharge versus fixture-units i n  figure 7 of MOP 9. 6 
Pipe flows are shown i n  figure 3. Because the new system was 
t o  be to ta l ly  of p las t ic  pipe jointed with p las t ic  cement, and 
because of the re la t ive ly  small s ize  of the system and its ele- 
vation above the water table ,  in f i l t r a t ion  w a s  deemed negligible. 
The map of figure 4 shows the contours .of the area and elevations 
of the camp of between 80 and 85 f ee t  .above sea level ,  with 
Mount Plymouth Lake, adjacent t o  the camp, a t  an elevation of 
60 feet .  Actual present water level of the lake is lower, as 
the lake .is essent ial ly  marshland. 
Using slopes determined by elevations and lengths derived 
from a survey of the location (shown i n  figure 2) and the flows 
of figure 3, ' table 2 w a s  constructed. Because of the flatness 
of the land, minimum slopes had t o  be used. Main sewer l i ne  
slopes were calculated such tha t  design peak velocity w a s  the 
2.0 f ee t  per second (fps) minimum necessary f o r  self-cleansing. 7 
Capacity and velocity fo r  the f u l l  pipe were calculated from 
Figure 4. Map showing contour l i n e s  
TABIE 2 
SUMMARY OF COMPUTATIONS FOR SEWER IESIGN 
> 
1 
Design Design Jundion Fall Sewer Invert Elevation of ' 
' Egz 
Junction I h s i g  Flm slDps Cap.city Vellocty velocity &*g~.  &* + in Elevation Ground Surface 
. Line , Length of Mameter Full Full Velocity Depth Head Head Junctions Drop Sewer Upper Lower Upper Lower 
Number Location From To ( f t )  (gpn) (cfe) Sewer (in) (cfe) (fps) (fps) ( f t )  ( f t )  ( f t )  ( f t )  ( f t )  ( f t )  End End EEnd End ' 
1 
. . .  1 Office . . . . . .  42.1 35 .0780 -0143 4 0.228 2.61 2.01 -1533 .0627 .2160 0.03 0.60 101.89 101.26 102.19 102.18 
. . .  2 Laundry . . . . . .  21.1 36 -0802 .0512 4 0.319 3.66 2.56 ,1300 .lo18 .2318 0.04 0.59' iOL88 ioi.26 102.18 . . .  
. . . . . . . . . . . .  m e . . . .  . . ,  . . . . . . .  Laundry 1!2 3 0.02 . .  . . . . . . . . . . . . . . .  0.02 101.26 101.24 
. . .  . . .  3 Pa rk ing lo t . .  232.6 40 .0@1 .0129 4 0.217 2.48 2.01 ,1717 .0627 .23W, 0.02 3.00 iM.24 98.22 100.26 . . . .  
4 Infirmary . . . . . - .  52.3 34 .0757 -0338 4 0.351 4.02 2.73 .1200 .1160 .2360 0 1.n 100.62 98.85 . . 100.26 
5 P a t i e n t t r g . .  . . . .  11.6 30 .0668 .0457 4 0.408 4.67 2-85 -1033 .I260 -2293 0.10 0.53 98.85 98.22 100.76 100.26 
. . . . . . . . . . . .  Patienttrg 4,s 4 . . .  * . *  0.20 . . .  . . . . . . . . . . . . ~ . .  0.20 98.22 98-02 100.26 . 
\ 
. . . . . .  . .  Patient- 4,3 6 . . . . . . . . . . . . . . .  . - . - . - . . . . . .  0.11 0.11 . . .  98-02 7.91 100.26 . . .  
. . .  . . .  6 . U . ~ e n e . . . . . .  25.7 50 .1114 . O i O i  4 0.'ig2 2.20 - 1.98 .2067 -0609 .2676 0.26 97.91 94.65 100.26 
o m . . . .  * . . . . . . . . . . .  U.~yglene 6 7 62 .1381 0.10 0.10 . . .  97.65 97.55 . . . . . .  • . . .  . * * . . .  
7 U. Hygiene . . . . . .  159.0 77 .I716 .0084 4 0.174 2.00 2.00 -3000 -0621 -3621 * . * 1.33 97-55 96-22 . a W.94 
8 ..* 152.8 49 a 1 0 9 2  .02!j3 4 0.304 3-48 2.64 ,1533 a1086 ,2619 --• 3.87 IOOmOg 96-22 103.09 99.94 
9 GklS dom 86.7 41 ,0913 .a66 4 O.3li 3.57 2.61 .I433 ,1058 .2491 - - .  2.31 98-53 96.22 98.83 99.N 
. . . . . .  8,7 7 m e .  * . .  . . .  . * *  * "  0.08 0.08 96.22 96.14 99.94 . - . . . . . . . . .  . . .  . . .  
. . . . . .  . .  pavilion 7,9 10 - - *  - * -  - * -  . - . . - . . . . . . .  0.07 0.07 . . a  96.14 96.07 . . .  99.91) 
0.504 2.57 2.13 -2650 -0707 ,3357 . . .  10 Pavilion . . . . . a  68.5 100 .2228 .(lo80 6 ' 0.55 96.07 95.52 9 9 - 9  97.67 
11 Boy's dorm . - . 93.8 41 ,0913 -0163 4 0.244 2.79 2.20 .i633 .079 2387 0.03 - . a  1.53 97.08 95.52 99-38 97.67 
. . . . . .  . . .  B o y l s d a  1 0 ~ 1  12 . . a  . a m  . m .  m m -  * -  . . . a * . . . . * . .  0.05 0.05 e m .  95.52 95.47 97-67 . m e  
12 - *  * - * a * *  65.i 108 .2406 .0064 6 0.452 2.30 2.00 .2900 -0622 .3522 0.02 a-• 0.43 95-47 95.02 97.67 98.46 
. . .  13 - 137.4 48 .I070 -0283 4 0.321 3.68 2.78 .I500 .1200 -2700 * I *  * 3.89 98.91 95.02 99-31 98.46 
. . .  m . .  . .  . . ~ ~ ~ ~ ~ . . ~ ~ ~ ~ ~ ~  . * .  12,13 12 . .  . . .  . - - - . . - - . . . .  0.06 0.06 95.02 94.96 98.46 
. . . . . .  
. . m  m a ,  12 14 * m e  a s .  e m .  a * *  * * *  * 0.11 0.11 94.96 94.85 98.46 
14 Plant . . . . . . .  202.6 120 2674 .0068 6 0.463 2.36 2.12 .3100 -0698 -3798 - * 1.37 94.85 93.48 98.46 95.93 
,8 the Manning Equation :I 
where 'V = the velocity -flowing f u l l ,  fps; 
1/6 n = coefficient of roughness ( ~ a n n i n ~ ) ,  . f t  , 
= 0.013 f o r  p las t ic  pipe; 9 
% = hydraulic radius, f t  , , 
= ~ / 4  f o r  circular pipes flowing f u l l ;  10 
D = pipe diameter, f t ;  
s = hydraulic slope = pipe slope (by design) 
= head loss/length, ft,/ft; . 
Q = flow ra te ,  cubic fee t  per second (cfs) ;  and 
2 A = pipe cross-sectional area, f t  , 
- 7.r #/4. - 
Design velocit ies and depths were calculated from figure 
24 of MOP 9 using the ra t ios  of design t o  capacity flows. D ~ -  
sign velocity head is the design velocity squared divided by 
twice the acceleration of gravity ( ~ ' / 2 ~ ) .  The design energy 
head is the depth of flow plus the velocity head. F i t t ing  los- 
ses were calculated using the general equation 12 
where HL = head loss  or fitting loss ,  ft; 
KL = l o s s  coefficient, dependant on type of f i t t i n g ,  
dimensionless ; 
V = velocity downstream of f i t t i n g ,  fps;  and 
g = acceleration of gravity, 
= 32.2 feet/second. 2 
m e  types of losses. occurred i n  the system; bends, e.xpansions, 
_.- -- 
and junctions. The loss  coefficient used f o r  the 45 degree bends 
. 13 
was 0.4, f o r  the expansion ( v ~ / v  - I ) ,  where Va is the approach 
(upstream) velocity and V the downstream velocity. 14 The junc- 
t ion  loss coefficient is twice the flow ra te  from the branch 
divided by the flow ra te  of the main pipeline (2 Q~/%). 14 
In determining the sewer invert  elevations, the following 
guidelines were used: 
1. Upper end elevations were pr&determined by elevations of 
building connections or previous pipes. 
2. Lower end elevations were determined by subtracting the 
f a l l  in the sewer (due t o  f r i c t ion ,  from the Manning eq- 
uation) and any bend or expansion losses from the upper 
end elevations. 
3. A t  junctions, the loss  i n  the junction was &ompensated 
f o r  by t i l t i n g  the junction such tha t  the drop across 
it equalled the loss. 
4. The design energy head was checked t o  insure no increase 
i n  head across a ' transition, and w a s  maintained, although 
often only because of a junction invert  drop. 
5. The f i n a l  lower invert  elevation w a s  predetermined by the 
present i n l e t  t o  the wastewater treatment plant. Although 
th i s  elevation was considered only i n  the last pipe seg- 
ment, the slope was still such t ha t  design velocity 
only 2.12 fps was obtained. 
The f i n a l  sewer design is detailed in figure 5 and table  2. 
Cost data was- .obtained fo r  construction of a new ' sewer 
- -- - 
system including excavation, piping and appurtenances, laying 
of the pipe, and s tructural  support. From figure 5, t o t a l  
lengths of pipe and number of bends, junctions, expansions, 
and cleanouts were determined. These quantit ies,  as well as 
other necessit ies and costs, are l i s t e d  in table 3. The to t a l  
cost is based on complete replacement of a l l  pipe when, in fac t ,  
a portion of the present system may be reused. physical inspect- 
ion upon removal w i l l  be necessary t o  ascertain t h i s  information. 
Estimates of excavation costs were based on excavating 
volumes of ear th (sandy soil) f o r  the pipe, whose widths equal- 
led the depths of the inverts a t  each end, assuming a s t ra ight  
l ine  taper. These parameters are i l lus t ra ted  i n  figure 6. The 
volume was then calculated as the square. of the average depth 
times the length of the segment (table 4). Cost of excavation 
was computed using a figure of 6 dollars per cubic yard (cu yd) 
removed. 16 
Structural protection under the roadway would take the 
form of a Class A concrete Arch as  necessary due t o  the shallow 
depth of the pipe. - This structure consists of the pipe being 
"embedded in carefully compacted granular material having a 
minimum thickness of one-fourth the outside diameter between 
barrel  and bottom of trench excavation and extendiw halfway 
up the sides of the pipe. The top half of the pipe sha l l  be 
PIPE LENGTH-FT 0 1 A M . l ~  
.@ 42.1 - 4 
0 21.1 4 
0 232.6 4 
@ 52.3 4 
0 11.6 4 
@ 2 5.7 4 
0 159.0 4 
@ 152.8 4 
@ 86.7 4 
@ 6 8 . 5  6 
0 93.8 4 
0 65.1 6 
8 137.4 4 
@ 202.6 6 
STATE OFF! 
LOWER 
HYGIENE 
DORMITORY 
FIGURE: 5 .  SEWER SYSTEM DESIGN 
46 BEND 4? DI*U\ ~ ~ * U E W D  
a!$-4" WE = JUNCTION 45*, 4 BRAMCW+$~" 
4 5v-4u-6 W Y  E = J U R ~ T ~ Q * .  4" BRANCH-~MAIN 
TABLE 3 
PIPING AND FITTINGS REQUIm 
Unit 
* 4 inch diam pipe . . . . 
* 6 inch diam pipe . . . . 
45 bend, 4 in.diarn. . . 
45 bend, 6 in. diam . . . 
4-4 wye junction . . . . 
4-6 wye junction . . . . 
4-6 expansion. . . . . . 
4 in.  diam cleanout . . . 
4 in . coup l ing .  . . . . . 
6 in.coupling. . . . . . 
PVC cement, g a l .  . . . . 
i 
Total  Cost j. . . . . 
Quantity Unit Cost Total Cost 
SOURCE: Telephone Conversation with Ron Coll ins ,  Southern Pipe and 
Supply company, Orlando, Flor ida ,  August 31, 1976. 
* Available i n  20 f o o t  lengths ,  hence the need f o r  couplings. 


covered with a monolithic plain  or  reinforced concrete arch hav- 
ing a minimum width equal t o  the outside pipe diameter plus 8 
,117 in.  An i l l u s t r a t i o n  of t h i s  zross-section and the cost cal- 
culations are  shown i n  f igure 7. 
All  pipes should be l a i d  under the scrutiny of a surveyor 
i n  order t o  guarantee ve r t i ca l ly  s t r a igh t  pipes and proper in- 
ver t  elevations. Proper laying of pipes is necessary t o  main- 
t a i n  the true slopes f o r  the ve loc i t ies  required f o r  self-clean- 
sing. Assuming the pipes could be l a i d  i n  a single day with a 
minimum crew of two, approximate cos t  f o r  a professional survey- 
18 
or  would be 9 0  dollars.. Another cost  tha t  must be considered 
when laying the pipes is f o r  personnel -to actually position and 
join the pipes and t o  insure proper ins ta l la t ion  of the necess- 
ary appurtenances. Again assuming t h a t  a plumber, a t  12 dol lars  
per hour, could l ay  the pipes i n  a single 8-hour day, t h i s  cost  
would be 96 dollars.  
Other costs t h a t  may need. t o - b e  considered would be any 
costs f o r  cleaning of pipes t o  be reused, storage of materials, 
and disposal of the removed piping. Because of the many varia- 
bles  involved and the poss ib i l i ty  t h a t  some of these costs may 
not be applicable, these costs  a re  not included i n  the estimates. 
Because of the l imited budget f o r  Camp Challenge, table 5 
/ 
w a s  constructed t o  evaluate a few of the possibly numerous alt-  
ernatives between complete reconstruction with professional 
supervision and reuse of present materials and volunteer labor. 
costs  of these a l ternat ives  ranee from $5,502.86 t o  $1,068.86. 
Cross-secti-onal area of concrete = 
Cross-sectional area . of gravel = 
Length = width of road = 16 f t  
2 
volume = o.% f t  x I6 f t  = 8.6 f t  3 
COSTS : 
Concrete, @ $ 25/cu yd + $ 20 delivery = $ 45 
Gravel, @ $ i 3 . 8 0 / c u y d x ~ c u y d = $ 6 . 9 ~  
Total cost = $ 51.90 
Figure 7. Structural reinforcement and cost estimate 
!TABLE f, 
COST COMPARISONS OF ALTERNATIVES 
* 
Surveyor and plumber costs plus concrete and gravel costs. 
Total Cost 
$5,502.86 
I 
1,068.86 
1,556.45 
4,293.65 
Description of Alternatives 
1. Complete renewal, Maximum Cost. 
2. Reuse of 1,050 f t  of 4 in. pipe, 
use only I ga l  of cement, 51 coupl- 
ings ( a t  f i t t i n g s  ) , current employ- 
ees f o r  excavation, volunteer sur- 
veyors and pipe-layers , donated con- 
crete  and gravel,  Minimum Cost. 
3. Reuse of 4 in.  pipe, use of I 
ga l  cement, 51 couplings, employees 
I 
f o r  excavation, qualif ied surveyors 
and plumber. 
4. Reuse of 4 in. pipe, use of 1 
ga l  cement, 51 couplings, outside 
surveyors, plumber, and laborers. 
Excavation Cost 
$2,737.20 
0 
2,737.20 
Piping Cost 
$2,277.76 
1,068.55 
1,068.55 
1,068.55 
Other ~ o s t ( s )  
$487.90* 
487.90 
487.90 
. I n  order t o  determine the appropriateness of the wastewater 
treatment plant  s iz ing and the sewer system design flows, a review 
was conducted of l i t e r a t u r e  design flows. Because of the re la t ive-  
l y  small amount of data available f o r  "summer c.ampsW, other types 
. - 
of camps and vacationing f a c i l i t i e s  were investigated. A'summary 
of l i t e r a t u r e  values is - presented i n  table  6. 
Summer camps, such as Camp Challenge, with average design 
flows of 36 gallons per capita per day (gpcd) a re  seen t o  resem- 
ble  flows from l'lodges, cabins, cottages" (45), t r ave l  t r a i l e r  
. 
(42) and mobile home parks (44) , and campgrounds '(31). A closer  
analysis,  however, shows t h a t  the higher values i n  the range (50 
. gpcd) a re  f o r  3 sources dated 1962. Subsequently .published values 
indicate lower flow ra te s ,  although these are  a l l  based on 70 per- 
cent of water c o n s ~ p t i o n . ' ~  There is a poss ib i l i ty  of consider- 
able inaccuracy i n  the flows based on the assumption of 2.5 per- 
sons per un i t  f o r  t r ave l  t r a i l e r s ,  mobile homes, and campsites. 20 
Interviews with various t r ave l  t r a i l e r  park.owners o r  managers in- 
dicated an average occupancy of 3 t o  4 persons depending on the 
season. Summers, with children out of school, averaged close t o  
4 persons per s i t e ,  whereas winters averaged closer  t o  2 persons. 
Adjusting the flow ra te s  t o  a la rger  population decreases the per 
24 
TABLF: 6 
LITERATURE VALUES OF PER CAPITA FLOW RATES (GPCD) 
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capita ra tes  even further,  closer t o  tha t  f o r  summer camps. 
Luxury camps and boarding schools are seen t o  have much higher 
flow rates ,  as they would tend toward a domestic atmosphere, the 
__ . ---- '- 
domestic flowrate averaging 100 gpcd. 21 Day camps and day work&.  
e m  are included here because of the i r  existence a t  resident camps 
and t r a i l e r  parks. Various sources give ranges of flows from 10 
t o  35 gpcd, averaging 16 gpcd. 
The majority of the research involved determining actual 
average per capita flows fo r  summer camps. Again the lack of 
available data resulted i n  the use of data from other vacation fa-.-- 
c i l i t i e s  as a supplement. A s  was shown above, the average flows 
were similar. The data i n  tables 7 through 9 were computed using 
flow records from the Florida Department of Environmental Regula- 
t ion  (FDER) and through interviews with personnel a t  the various 
camps, parks, etc.  Many obstacles were encountered i n  both pha- 
ses of t h i s  work. The remoteness of most camps enabled several 
camps (especially i n  Pasco county) t o  u t i l i z e  sept ic  ' tank treatment, 
resulting i n  no flow data. O f  those remaining, nearly a l l  had 
private package plants a s  does Camp Challenge, but very few main- 
tained complete or even near complete records. The permit appli- 
cation required inclusion of design data, such tha t  these para- 
meters were available, and represented a wide variety of con- 
sult ing firms. Problems encountered i n  interviews ranged from 
the phone being disconnected or the number not l i s t ed ,  t o  persons 
not willing t o  estimate flows or occupancies. Often, a t  summer 
DESIGN AND ACTUAL FLOWS FROM SUMMER CAMPS 
SOURCES: Wastewater flow records, Florida Department of Environmental Regulation, Orlando, St .  Peters- 
burg, and Winter Haven offices.  
Camp Name 
American Cheerleaders Association . . 
. . . . . . . . . . . .  Camp Horizon. 
Camp La-No-Che. . . . . . . . . . . .  
CampMoon.. . . . . . . . . . . . .  
. . . . .  Central Florida Bible Camp. 
Florida Baptist  Encampment. . . . . .  
Florida United Methodist Youth Camp . 
LakewoodRetreat. . . . . . . . . . .  
Wekiva Youth Camp . . . . . . . . . .  
Averageflows. . . . . . . . .  
Personal telephone interviews with owners/managers or  responsible personnel, various aates  . 
DesignFlow 
gpcd 
ActualFlow 
gpcd 
Remarks 
owner unavailable 
no phone l i s t i n g  
data not available 
no phone, 50 gpcd inadequate 
! 
flow measured by 35 igpcd 
from water use 
from water use 
resident  and day mix 
phone disconnected 
46.7 
50 
26.7 
50 
20 
31 25 
4.7 
52 
50' 
41 
40 
. . 
a . e  
. . .  
35 
35.5 
32.2 
8 0 e 
. . .  
39 
TABU 8 
DESIGN AND ACTUAL FLOWS FRON TRAVEL TRAIZlER PARKS 
'Actual Flow 
gpd/capi t a  Park Name Remarks 
Apopka-Clarcona Campground . 8 8 8 . 100 
Barton Family Campground . . 8 8 8 8 
Camp "N" Water . . 8. . 8 . . . a 8 
Chisholm T r a i l  Campground. 8 8 . 8 
Crystal I s l e s  Resort . 8 8 8 0 . 8 . 
owner unavailable 
I 
\ 8 8 8  
j. 8 . Dunedin Beach Campground . , . 8 , , I 
Green Acres Campground . 8 8 . 8 8 8 
Hickory Hammock Campsite 8 8 8 8 8 8 no phone l i s t i n g  
8 8 8 '  
no one knowledgeable 
8 8 8 
Kissimmee Valley Campground. a . 8 . 
Myakka Sta te  Park Campground #Ia . 8 
Nature's Campground. 8 8 . . 8 a 8 8 
Outdoor Resorts of America . . 
Paradise Lakes Campground. . 8 . 8 . 
Safaricamp. . . . 8 8 . 8 8 8 a 8 
8 8 
8 8 8  
no one knowledgeable 
Sanlan Ranch Campground. 8 . . 8 8 8 
Tiki Village Campground. . 8 8 8 . 8 
Venice Campground. 8 a 8 a 8 . 8 8 
no one knowledgeable 
no one knowledgeable 

TABLE 9 
DESIGN AND ACTUAL FLOWS FROM MISCELLANEOUS INSTITUTIONS 
Ins t i tu t ion  
l ~ e s i g n  Flow, gpcd I I 
Resi- I dent 
Children's Haven Center. . . . . . . Boarding school 75 
Children's Home. . . , . . . . . . . Boarding school . . .  
Cypress Gardens Family Campground. . I 30 mobile homes 50 t rave l  
Edgewood Boy's Ranch . . . . . . . Apartments 
Florida Sheri f f ' s  G i r l s  Villa. . . . Villas 
Fort Desoto Park North Beach Area. . Recreation 
Holiday Acres Trai ler  Park . . . . . Mobile homes 
Spiker's Labor Camp. , . , . . . . . Labor camp 
F~ithlacoochee Vocational Technical 
Ins t i tu t e  . . . . . . . . Day school 0 . 8  
Youthful F i r s t  Offender Fac i l i ty  . . Correctional 107.5 
Weighted Flow, 1 Average / gpcd I Remarks 
/no one knowledgeable 
based on 2.5 persons 
based 04 3.0 persons 
8 1 .  
according t o  data 
I no one knowledgeable 
no phone l i s t i n g  
no data available 
no one knowledgeable 
SOURCES: Wastewater f l ow  records, Florida Department of Environmental Regulation, Orlando, St .  Peters- 
burg, and Winter Haven offices. 
Personal telephone interviews with owners/managers or responsible personnel , various dates . 
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camps, only caretakers were available who knew too l i t t l e  t o  even 
hazard a guess, and knowledgeable people could not be located 
Design and actual  flows from summer camps (table 7) were 
_.. _----  . 
. - 
nearly equal and only s l i g h t l y  higher than l i t e r a t u r e  values. 
Camp La-No-Che, the Central Florida Boy Scout camp (with primi- 
t ive  camping f a c i l i t i e s ) ,  and the church camps (because of a high 
percentage of day campers and staff) are  noticeably lower i n  de- 
sign flow values. The trend seems t o  extend t o  t h e i r  actual  
flows, as evidenced by the available data. The only exception 
is Lakewood Retreat, of the Southern Mennonite Association, which 
has the highest design flow. This may be due t o  the developed 
condition of the f a c i l i t y .  
More data were available f o r  t rave l  t r a i l e r  parks ( table  8) 
a s  t h e i r  recordkeeping is more complete and these parks are open 
a l l  year. Only those without flow records were unable t o  give 
values of actual  flow. A s  i n  the l i t e ra tu re ,  design values were 
higher f o r  the t r a i l e r  parks than f o r  summer camps. Actual flows, 
however, were the reverse, possibly because of the re la t ive ly  small 
amount of, time actual ly  spent i n  t rave l  parks i n  Florida. Using 
design flows, i n  gpd per s i t e ,  and the corresponding actual  flows 
i n  gpd per capi ta  yields an occupancy ra t e  of 3.1 persons per s i t e .  
Although t h i s  is higher than the 2 .  value c i ted  e a r l i e r ,  it must 
be remembered tha t  - the per s i t e  flow is a design value. The aver- 
age design values yield  a figure of l e s s  than 2 persons per s i t e .  
A re l iab le  design parameter f o r  Florida would probably l i e  between 
these values. 
Table 9 contains the data obtained f o r  other, somewhat sim- 
i lar ,  inst i tut ions .  Because of the complexity of these ins t i tu- '  
t ions ,  data f o r  both flow and population were lacking. O f  those 
-.. . 
__.-  
with data f o r  actual  flows, the children's schools and mobile 
home parks were closest  t o  summer camp flows. The mobile home 
and t rave l  t r a i l e r  parks were predicted similar  by the l i te ra ture .  
Other ins t i tu t ions  approached domes tic flows i n  quantity. The 
high actual  flow f o r  Florida Sheri f fs  G i r l s  Vi l las  is .based on 
good flow and population records, although the end resu l t  is un- 
reas  onably high. 
DESIGN F'LO'tF CFU- 
This portion of the research deals with the predictions f o r  
average flow, design flow, and peak flow and t h e i r  relat ionships 
f o r  Camp Challenge. The average flow is simply the mean 24 hour 
flow produced i n  a 12 month period. The maximum dai ly  flow is the 
maximum flow i n  a one hour period i n  any one day and is used as 
the treatment plant design flow. Peak flow is the design flow 
f o r  sewers (or water l ines)  and is the mean r a t e  of flow i n  any 
15-minute period of a 12 month period. The relat ionships between 
these parameters a re  
Q = 5.0 P -1 /6 max / Q  a- 
where Q max. 1s .the : maximum flow ,* Q . is the average flow, P is the avg 
population served ( i n  thousands), and Q peak is the peak flow. 22 
Using the average population of 125 f o r  Camp Challenge, 
Q / Q  - = 7.1 and Q 1 avg = 10.6.  his r a t i o  of max avg peak 
peak t o  average flow is called the peaking fac to r  and may vary 
from 2 t o  20 depending on population and water use habits.  Using 
figures i n  MOP 9, the peaking fac tor  f o r  this camp would be 10 
or 8.23 Thus a peaking fac tor  of 10 and a r a t i o  of maximum t o  
> 
average flow of 7 are  reasonable f o r  this camp. Although f o r  
larger  systems when Q max = 2, maximum flow is generally 
used as the design parameter, i n  smaller systems a factor  of 7 
t ines  average flow would render  - - the required capacity of the 
plant economically unfeasible. The f i e l d  search f o r  actual  
flow ra tes  f o r  summer camps yielded a range of from 32 t o  40 gpcd 
with an average of 39 gpcd. For a population of 125, the average 
flow r a t e  is 4,875 gpd, or a design flow of 34,125 gpd using a 
factor  of 7. Since the actual  plant design is 17,000 gpd and 
functioning sat isfactoral ly ,  the factor  of 7 is perhaps too 
high f o r  design purposes. I n  f ac t ,  i f  the wet well is suffic-  
i en t  t o  handle the average daily flow, the t o t a l  plant design 
can be f o r  average da i ly  flow. Yet, a factor  of safety should 
be imposed a t  some point. 
The theoretical  peak flow calculated from the above re- 
lationships would be 48,750 gpd or 34 gpm, much below 120 gpm, 
the design flow of the pipe influent t o  the treatment plant. 
Thus, the sewer is perhaps over designed f o r  present conditions 
i f  designed i n  this manner. However, i f  the 17,000 gpd is 
treated as average dai ly  flow (which is the design condition) 
and the peaking factor of ten is applied," the peak flow is - 
170,000 gpd. This computes out t o  118 gpm, approximately equal 
t o  the design capacity of the sewer system. The overdesign of 
both the sewer and treatment system indicates tha t  the system 
could l a t e r  be expanded, but an analysis should be made at  tha t  
time t o  insure proper operation following expansion. 
RESULTS, CONCLUSIONS, AND RECOMMENDATIONS 
A sewer system was designed f o r  Camp Challenge using the 
fixture-unit method. The design adds several bends and the ap- 
propriate slopes f o r  the pipes t o  insure a free-flowing system. 
I n  the event of f a i lu re  or  overloading, however, cleanouts have 
been positioned f o r  easy access and maximum effectiveness. Fig- 
ure 5 and table  2 supply the necessary parameters f o r  laying the 
system, tab les  3 and 5 and figure 7 give additional information 
f o r  cost estimation. Cost estimates range from $1,068.86 t o  
$5,502.86 depending on personnel used and reusabi l i ty  of removed 
P ~ P  
The l i t e r a t u r e  review resulted i n  an average design flow : 
of 36 gpcd f o r  summer camps. Local 'FDER data yielded an aver- 
age design flow of 41 gpcd and actual  flow values - - of 39 gpcd. 
Travel t r a i l e r  parks, f o r  which there w a s  a great  s imilar i ty  i n  
design (42 gpcd l i t e r a t u r e ,  48 F ~ R )  and actual  (33 gpcd) flows, 
yielded more sources with be t te r  records. From the above f ig-  
ures, it appears t h a t  a design flow of 40 gallons per capita per 
day is f a i r l y  accurate f o r  both summer resident camps and t rave l  
t r a i l e r  parks. More data a re  needed f o r  ver i f icat ion and f o r  
determination of flow r a t e s  of other ins t i tut ions .  
7 
37 
It is recommended tha t  further,  in depth, work be ins t i tu t -  
ed, monitoring both flows and populations. Many of these various 
ins t i tu t ions  have some type .of- EL ow metering device, usually an 
elapsed time meter on the wet well ppp .  By periodic (weekly) 
checks of these meters and occupancy records, reliable per capita 
flows can be determined. It is further suggested that the flows 
be monitored yearly, when possible, t o  determine seasonal varia- 
t ions due to climate. A systematic f i e l d  research ef for t  should 
produce more rel iable  data than those currently available and 
presented herein. 
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